To determine crude fibre (CF), NDF, ADF and ADL, the conventional technique (CT), using filter crucibles, was compared with the filter bag technique (FBT). The mean CF content of 56 forages and concentrates was slightly, but significantly lower (PO.001) with FBT than with CT (144 vs 138 g kg" 1 DM). The two techniques were highly correlated (0.996) and FBT had better repeatability. The mean CF content of 28 faeces samples was similar for both techniques, but repeatability with FBT was worse. The latter was greatly improved by reducing the sample weight from 1 to 0.5 g. For NDF a comparative study was done with 10 non-starchy feeds, 14 starchy feeds, as well as with 28 feed residues from in sacco incubations. To obtain similar values with FBT as with CT, it is recommended to use a sample weight of 0.5 g and to add for all starch containing samples 12 ml of an a-amylase solution, equally spread over the digestion and the first two rinsing periods. For ADF of 11 feeds the correlation between the two techniques improved from 0.993 to 0.997 when 0.5 instead of 1.0 g sample was incubated and repeatability was clearly better for the FBT. For ADL of 12 feeds, after sequential analysis of NDF and ADF, the FBT showed excellent precision and no significant difference with the CT.
INTRODUCTION
For almost two hundred years, crude fibre (CF), and more recently, the Van Soest cell wall parameters, NDF, ADF and lignin, have been used to characterise ruminant feeds. Moreover, they are common parameters in practical feed evaluation for the prediction of voluntary intake (Van Soest et al., 1978; De Brabander et al., 1987; Jung and Allen, 1995) , digestibility and energy value (De Boever et al., 1996 as well as the physical structure content . However, these parameters are considered more or less arbitrary because their procedure is rather empirical and no primary fibre standard is available. To ensure a high reproducibility within and between laboratories, an optimal standardisation of the procedures is therefore of paramount importance, particularly with regard to the filtration step, which is generally accepted as the most critical factor in the gravimetric determination of fibre in feeds and faeces.
At present, CF as well as the Van Soest cell wall constituents are commonly determined using an extraction unit with vacuum-assisted filter crucibles, which allows a better standardisation than the original manual method using Berzelius beakers. Nevertheless, this semi-automatic system now generally referred as the conventional technique (CT), remains rather laborious and less repeatable due to the individual digestion of the samples and the hand-controlled filtration. To solve these problems, ANKOM Technology Corporation (New York, USA) recently developed a filter bag technique (FBT) . With this technique up to 24 samples enclosed in fabric filter bags, can be digested simultaneously in the extraction solution in a closed vessel with temperature control. Because of the uniformity of the batch-treatment and the automation of the sensitive filtration, the FBT is claimed to be very precise (Komarek, 1993) . Komarek et al. found no significant differences between the CT and the FBT for determining NDF (1994b) , ADF (1994a) and CF (1996) in some 20 samples of forages and concentrates. From these studies a correlation coefficient between both techniques of more than 0.99 for all three fibre parameters could be calculated. In more independent comparative studies however, those excellent results could not be fully repeated. Analysing CF in feeds, faeces and digesta, Kuhla (1998) found significant higher values (PO.05) with the FBT than with the CT (191 vs 176 g kg" 1 DM) and no better repeatability. Spanghero et al. (1997) found a close relationship between the two techniques for NDF and ADF with 28 forages and for ADF with 15 starchy feeds, but erroneously high NDF values with FBT for the latter, despite the use of a-amylase.
Because of these conflicting results, the aim of this study was to compare the two techniques under similar conditions for determining CF, NDF and ADF in a wide variety of feeds as well as CF in faeces. The comparison also concerned the determination of ADF and ADL in sequential analysis. Where necessary, the FBT procedure was modified to obtain a better accuracy and repeatability.
MATERIAL AND METHODS
The CT was carried out with the Fibertec apparatus (System I, Tecator, H6-ganas, Sweden), equipped with six filtration crucibles. For the determination of CF and Van Soest cell wall constituents, crucibles with porosity P2 (40-90jnm) and PI (90-150jLim) were used, respectively. The FBT was done with the Fiber Analyzer (ANKOM 220 , ANKOM Technology Corporation, New York, USA) using F56 filter bags. With the FBT, a blank bag was incorporated in each run, which allowed to derive a mean factor per fibre parameter to correct for the ash content of the bag as well as for its loss of weight during digestion.
Feed and faeces samples were oven-dried (±65°C) and ground with a Brabender mill to pass a 1 mm screen. All analyses were carried out in duplicate but in separate runs. For differences between duplicates of more than 5%, it was decided to do a replication.
Crude fibre
CF was determined on 56 samples of feed and 28 samples of faeces. The feed samples were of diverse nature: 21 forages [maize silage (13), grass silage (5), ensiled brewers' grains, grass hay, wheat straw], 14 raw materials [formaldehyde treated soyabean meal (3), soyabean meal (2), malt sprouts (2), coconut expeller, dehydrated lucerne meal, dehydrated sugar beet pulp, extracted rape seed, rice bran, soyabeans, wheat bran], 11 ruminant compound feeds and 10 pig feeds. The faeces samples originated from digestion trials with bulls (8), cows (8), sheep (7) and pigs (5).
For the CT, guideline L344/36 (EC, 1992) was followed, which involves successive digestion of the sample in 0.13M H 2 S0 4 and 0.23M KOH, and the gravimetric determination of the organic residue. Although a specific procedure was prescribed by ANKOM (Komarek et al., 1996) , the instructions of the EC-method were followed as much as possible for evaluating the FBT. One gramme samples were weighed into pre-dried (overnight at ±65°C) and pre-tared filter bags. To ensure an optimum digestion, the material was uniformly distributed in the bag. Samples with more than 100 g crude fat kg" 1 DM were first defatted. The bags were submerged 3 times for 5 min in 250 ml petroleum ether with initial and final agitation by pushing an inner beaker up and down, and were finally air-dried. The acid and basic solutions (2 1) were pre-heated to 95°C in the reaction vessel and after submerging the samples, brought to boiling point as soon as possible. Digestion times, 30 min for both steps, were measured from the moment the samples were put in the vessel. In contrast with the CT, no filtration aid and antifoam agent were added. After the first and the second digestion, samples were washed respectively two and three times for 5 min with 2 1 boiling water. During rinsing the samples stayed in the bag suspender and were agitated in the reaction vessel. After expelling the excess water, the bags were soaked in 350 ml acetone for 3 min with similar agitation as described for the lipid extraction. The air-dried filter bags were completely dried for 4 h at 130°C, and finally, incinerated for 2 h at 550°C.
Neutral detergent fibre
NDF was determined in 10 feed samples with less than 100 g starch kg -1 DM [compound feed (4), soyabean meal (2), formaldehyde treated soyabean meal, grass hay, grass silage, wheat straw] and 14 starchy feed samples [compound feed (8) , maize silage (6)]. With the CT, the procedure of Van Soest and Wine (1967) , including the addition of sodium sulphite, was followed. For feeds with more than 100 g starch kg -1 DM, 50 jul of a heat stable a-amylase (A3306, Sigma-Aldrich Co., St. Louis, USA) was added to the solution (Van Soest et al., 1991) . Samples with more than 100 g crude fat kg" 1 DM were previously defatted. Also, 2-ethoxyethanol was replaced by the safer triethylene glycol to facilitate the solubilisation of starch (Van Soest et al., 1991) .
For the evaluation of the FBT, the conventional method was followed as well as possible. However, because of the batch extraction and the new concept of filtration, both decahydronaphtalene and sodium sulphite were omitted. One gram samples were weighed into the filter bags, defatted if necessary and then, after submerging in 2 1 preheated detergent solution (95°C), brought to boiling point as soon as possible. After digestion for 60 min, bags were washed 3 times for 5 min with boiling water and then, after removal of the free water, soaked in 350 ml of acetone for 3 min with initial and final agitation. Finally, the air-dried filter bags were completely dried for 8 h at 103°C and ashed for 2 h at 550°C. NDF-values were corrected for ash content.
When starchy feed samples were analysed, 1 ml a-amylase was added to the detergent solution at ambient temperature.
Acid detergent fibre
For ADF, the comparative study involved 11 feed samples: compound feed (2), lucerne meal, brewers' grains, dehydrated sugar beet pulp, grass hay, grass silage, maize silage, potatoes, soyabean meal and wheat straw. The procedure of Goering and Van Soest (1970) was followed, using a sample weight of one gram. Samples with more than 100 g crude fat kg" 1 DM were defatted. The results were calculated on an ash-free basis.
Sequential determination of NDF, ADF and lignin
Compared with the separate determination of NDF, ADF and lignin, the sequential fibre analysis allows a more economic use of the sample, eliminates inter-ferences and results in a more accurate estimation of the hemicellulose and cellulose content (Van Soest et al., 1991) . Using the CT, twelve feed samples [lucerne meal, compound feed (5), ensiled brewers' grains, grass (2), maize cob silage, maize silage (2)] were analysed for NDF, ADF and lignin (ADL) by sequential extractions in neutral detergent, acid detergent and 72% H 2 S0 4 according to Van Soest et al. (1991) . Sodium sulphite was omitted because of its delignifying action. With the FBT, 1.0 g samples were weighed into the filter bags for successive digestion in the neutral and acid detergent solution as described in the separate procedures, and including the addition of a-amylase during the ND digestion. The bags with the ADF residue were soaked in a beaker with 350 ml 72% H 2 S0 4 for 3 h with agitation every 30 min. Then, the bags containing the ADL residue (Klason lignin) were rinsed with boiling water until neutral, underwent a cold extraction with acetone and were air-dried. Complete drying and finally the incineration were performed as described above.
Statistical analysis
The mean difference between the two techniques within a sample group was investigated with a two-tailed Student T-test. The repeatability was evaluated as within-sample variation by calculating the mean difference between the first two determinations. The relationship between the CT and FBT values was examined by means of linear regression.
RESULTS AND DISCUSSION

Crude fibre
In Table 1 , the mean CF-content and mean difference between duplicates obtained with the CT and FBT as well as the regression equations between both techniques are given per category of sample. The FBT value, averaged for all feed samples was significantly (PO.001) lower than the CT value, although the difference was small (138 vs 144 g kg" 1 DM). For the separate feed categories also significant lower values were obtained with the FBT, except for the ruminant compound feeds. This is in contrast with Komarek et al. (1996) , who found no significant differences and with Kuhla (1998) , who obtained significantly higher values for the FBT than for the CT. The tendency of an increasing difference with higher CF-contents, as shown in Figure 1 , can be explained by a more disturbed filtration in the CT, when more organic residue remains in the crucible. Despite these differences both techniques were highly correlated (r=0.996). The FBT was more repeatable than the CT for all feed categories. With the CT, 75% of the samples 0.5 236*** ± 18 4 ± 3 1.020 ± 0.136 -41.10 ± 37.03 0.894 ** P<0.01; *** P<0.001 ' the mean difference between the first two determinations " correlation coefficient FBT -values for 0.5 g samples were compared with the CT -values of 1.0 g samples needed three or more determinations, whereas this was only necessary for 30% of the samples examined with the FBT. For faeces samples, the difference between both techniques was not significant and was either positive or negative, resulting in a poor correlation (Table 1) . Contrary to the feed samples, the repeatability was lower with the FBT. This was attributed to a decreased accessibility of the sample for the digestion solution, because one gram faeces per filter bag looked very voluminous. Therefore, the sample weight was reduced to 0.5 g for 16 of the 28 samples (only cattle faeces). As expected, the incubation of a smaller amount of sample in the bags improved the precision of the FBT. On the other hand, the reduced sample weight resulted in significantly (PO.001) lower values, on average 36 g kg" 1 DM, as compared with the CT. However, part of the difference could be explained by the selected samples, which also appeared to have a significantly lower mean CF-content with the FBT, when a one gram sample was incubated. Probably, the values obtained with the CT, are somewhat overestimated, because the relatively high sand content in faeces samples may disturb crucible filtration. This latter hypothesis may also explain the poor correlation between both techniques for the analysis of faeces samples (Table 1) .
Neutral detergent fibre
The results of the NDF-analyses with the CT and the FBT are summarised for both starchy and non-starchy feeds in Table 2 .
For the feed samples with less than 100 g starch kg 1 DM, significantly (P<0.01) more NDF was found with the FBT; on average 43 g kg" 1 DM. This difference was particularly due to the formaldehyde treated soyabean meal and the 4 compound feeds. By halving the sample weight in the filter bags, the difference between the two techniques was no longer significant, except for the treated meal. Obviously, the formaldehyde treatment inhibited an efficient solubilisation of the proteins in the FBT. Without this sample, and over a wide range of protein content (22-480 g CP kg"
1 DM), NDF-values with both techniques showed a very high correlation (r=0.999). Reducing the sample weight in the FBT also improved repeatability, although it was still lower compared with the CT. This latter is not in agreement with the findings of Spanghero et al. (1997) , who obtained a better repeatability with the FBT for non-starchy forages.
Addition of sodium sulphite in the reaction vessel (0.5 g/100 ml detergent solution) increased repeatability to a similar level as with the CT and resulted in an acceptable NDF value for the formaldehyde treated soyabean meal. However, this treatment also significantly (P<0.001) lowered the NDF content of the other feeds compared with the CT. These findings agree with earlier reports that sodium sulphite lowers fibre estimations (Robertson and Van Soest, 1990; Hintz et al., 1996) and positively affects reproducibility (Hintz et al., 1996) . However, because it is known that sodium sulphite attacks lignin and cleaves disulphide bonds, which are both non-biological actions (Van Soest et al., 1991) , and it hardly aids the filtration, its addition is not recommended.
For most starchy feeds, erroneously high NDF-values were found when 1.0 g samples were incubated in the bags (Table 2) . Neither by increasing the amount of a-amylase in the reaction vessel (results not shown), nor by reducing the size of the feed sample similar NDF-values for FBT and CT could be obtained. However, the overestimation remaining after halving the sample weight, on average 40 g kg" 1 DM, could mainly be ascribed to four samples high in rumen undegradable starch. By equally spreading the amount of a-amylase (A3306, Sigma-Aldrich Co., St. Louis, USA) over the neutral detergent digestion and the first two hot water rinses, the accuracy improved but not the precision. The within-sample variation could well be lowered to a level comparable with the CT, when 12 ml of a less concentrated a-amylase solution (FAA, ANKOM Technology Corporation, New York, USA) was added in three times. Pooling the results of the starchy and non-starchy samples resulted in a good correlation (r=0.992) between the FBT and CT (Figure 2) .
Because the FBT appears very sensitive to starch interference, the addition of a-amylase might be necessary even at a lower starch content than 100 g kg" 1 DM. For 28 nylon bag residues of compound feeds, obtained after rumen incubation, the differences between the NDF-values from FBT with or without the addition of a-amylase (FAA, ANKOM Technology Corporation, New York, USA), are shown Figure 3 . Despite the poor correlation (r=0.791) the addition of a-amylase tended to be effective for starch contents above 25 g kg" 1 DM. Therefore the addition of a-amylase is recommended for any starch containing sample.
Acid detergent fibre
When one gram samples were analysed for ADF, the mean FBT value was not significantly lower than the CT value (224 vs 231 g kg" 1 DM; Table 2 ). However, the difference between both techniques showed a large variation, because with the FBT higher values were found for soyabean meal and brewers' grains, while lower values for most of the other feeds. Contrary to earlier findings of Spanghero et al. (1997) Starch content, g kg 1 DM Figure 3 . The difference between the NDF detemination with (NDF + ) or without (NDF ) the addition of a-amylase for 28 nylon bag residues in relation to their starch content FBT were significantly lower than with the CT, the average difference of 14 g kg 1 DM, is considerated to be of concern and should be ascribed to the more optimal filtration with the filter bags.
Sequential analysis of NDF, ADF and lignin
The results of the sequential analysis (NDF S , ADF S and ADL S ) are given in Table 2 for one as well as for 0.5 g samples. For NDF, the results with FBT were again clearly better with 0.5 g than with 1.0 g samples. The rather bad repeatability with the former sample weight was particularly due to the presence of a starchy maize cob silage in the sample set. Omitting this sample resulted in significantly lower (PO.05) and better repeatable (D=16±16) NDF values for the FBT analysis as well as in a better correlation (r=0.995). With a reduced sample weight of 0.5 g, also significantly (PO.05) lower FBT values were obtained for ADF (194 vs 200 g kg -1 DM), whereas for ADL similar values were obtained. For both ADF and ADL repeatability was greatly improved with the FBT.
CONCLUSIONS
The analysis of CF, ADF and ADL is more accurate and better repeatable than with the CT, because of the more optimal filtration.The somewhat lower repeatability of NDF analysis with the FBT can be ascribed to its higher sensitivity for starch interference. Nevertheless, together with the practical (higher capacity, savings in labour and time) and financial (lower purchase price and cost of maintenance) benefits, the analytical advantages make the FBT an attractive alternative for the CT.
